INTRODUCTION
============

Being sedentary has been recognized as a significant risk factor in developing cardiovascular disease (CVD), type 2 diabetes, metabolic syndrome and some types of cancer.^[@r13]^ The lack of physical activity (PA) is an important cause of avoidable death from non-communicable chronic disease.

Different instruments are available to evaluate PA and energy expenditure. Of the methods and techniques available, questionnaires are often used. Two such have been translated and validated in Portuguese. The International Physical activity Questionnaire -- long form (IPAQ-LF) and short form (IPAQ-SF), are those with the best conditions to be used, with good reproducibility, although validity has been shown to be low.^[@r13]^

Another way of assessing PA is using a pedometer, a mechanical counter that records movement in response to the body's vertical acceleration. It is attached to the individual's waist, counting the number of steps taken. It enables occupational, leisure, domestic and transport activities to be measured cumulatively, and is a sensitive and objective method for quantifying an individual's PA.^[@r04]^

There are few studies of middle-aged women comparing habitual PA as measured using the IPAQ-SF or a pedometer.^[@r05]^ The aim of this study is to compare methods of assessing physical activity in pre-, peri- and post-menopausal women.

METHODS
=======

This was a population-based cross-sectional study, nesting a cohort of pre-, peri- and post-menopausal women in the city of Passo Fundo, RS, Southern Brazil, from 2010 to 2011.

This cohort began in 1995, when 298 women were randomly selected to evaluate the prevalence of menopause symptoms, hormone levels and ultrasound pelvic measurements.^[@r16]^ In 2001, a second follow up was conducted, locating participants in the previous sample. Bearing in mind sample losses and population increase, new participants were included, randomly selected in the same way,^[@r01],[@r08]^ giving a total sample of 358 pre-, peri- and post-menopausal women aged between 36 and 62.

In 2010, to discover the participants' current state of health and cardiovascular risk, a third follow up was conducted. Participants were located using addresses, telephone numbers, hospital records, addresses of relatives and local radio and television, resulting in 301 women being contacted. Of these, complete data on PA level was obtained for 292, with nine being excluded due to cognitive difficulties (4), illiteracy (1) and errors recording the number of steps (4).^[@r04]^

Sociodemographic data, such as age, schooling (years at school), menopausal symptoms and hormone therapy (HT) were collected using a previously tested questionnaire.^[@r01],[@r08]^ The work variable was evaluated using the question: "Are you currently in work?". Menopausal status was defined based on menstrual cycle characteristics and length of time of amenorrhea: pre-menopausal was defined as having a normal menstrual cycle at the time of the study; peri-menopausal was defined as experiencing changes in menstrual cycle frequency or flow in the 12 months before the study, and post-menopausal was defined as 12 months or more of natural or bilateral oophorectomy amenorrhea. A category called "hysterectomy" was created for women who had undergone hysterectomies without bilateral oophorectomy, and whose menopausal status could not be classified. Alcohol consumption was determined based on participant self-reporting of alcohol intake (do not drink, used to drink, drink).^[@r04],[@r08]^ Participants also self-reported smoking habits categorized as: smoker, ex-smoker and non-smoker. Anthropometric data were collected in duplicate and included weight, height, waist circumference and waist to hip ratio.^[@r04]^

PA was evaluated using the IPAQ-SF questionnaire and counting number of steps taken according to the pedometer. In the IPAQ-SF, PA was classified in two ways: according to the number of minutes of PA in the week (inactive \< 150 min PA/week and active ≥ 150 min PA/week)^[@r01]^ and also by metabolic equivalent minutes per week (inactive \< 600 MET/min/week, moderate from 600 to 1,499 MET/min/week and active ≥ 1,500 MET/min/week).^[@r17]^

The digital pedometer (model BP 148 TECHLINE) was used for seven consecutive days. Participants were instructed how to use the sensor properly and not to alter their typical activities during the study. They were instructed to note the number of steps in a diary at the end of each day. The mean number of steps was calculated by the ratio between the sum of the daily totals and the number of days the pedometer was used.

Using these measurements, the women were classified as inactive (\< 6,000 steps daily) and active (≥ 6,000 steps daily)^[@r04]^ and the women were further classified as active (≥ 10,000 steps daily), moderately active (between 5,000 and 9,999 steps daily) and inactive or sedentary (\< 4,999 steps daily).^[@r19]^ These two classifications were used in different analyses. The data were compared in 150 min/week (widely used and recommended by the World Health Organization) *versus* ≥ 6,000 steps/day (categorization already used with the same population in the previous study)^[@r04]^ for dichotomous analysis. Correlation between energy expended in MET/min/week (unit of measurement described in the IPAQ Directives for Processing and Analyzing Data) *versus* the three categories (sedentary, moderately active and active) used in the general population.^[@r19]^

The data analysis was performed using descriptive statistics to calculate the means, standard deviation and relative (%) and absolute (n) frequencies. The percentage of women classified as active, moderately active and inactive using the two methods was compared using McNemar's Chi-square test to verify equality between the percentages of responses to level of physical activity. A dichotomous variable referring to concordance between the two instruments was created and the association between age, menopausal status and years of schooling was assessed using the Chi-square test. Spearman's rho was also used to analyze association between the mean number of steps, minutes of PA/week and MET/min/week. The Kappa (k) value, coefficient of concordance (CC, %) and analysis of continuous measures using the methodology proposed by Bland-Altman^[@r02]^ were used to analyze concordance between the IPAQ-SF and the pedometer. This plotting enabled concordance between the two variables (X, Y) to be evaluated and to evaluate bias (by how much the differences are distant from zero), error (dispersion of the points of difference around the means), outliers and trends.^[@r12]^

To use the Bland-Altman test, Z scores were calculated in both instruments so as to annul units, as the pedometer uses steps/day and the IPAQ-SF MET/min/week. The equation for calculating the Z score was: Z = (X--μ)/S.D, in which Z = Z score; X = unadjusted individual score; μ = mean of the variables; S.D. = standard deviation of the variable. At this point, 18 individuals were excluded from analysis as they had not done more than 10 continuous minutes of PA and did not have the complete data necessary to calculate MET/min/week. The level of significance was 5% in all analyses. The Statistical Package for the Social Sciences SPSS 20.0 and Stata 7.0 were used for the analyses.

This study was approved by the Research Ethics Committee of the Faculty of Medicine, *Universidade de Passo Fundo* and of the *Hospital São Vicente de Paulo* (Process 2010/16929). Participants signed an informed consent form.

RESULTS
=======

The sample was composed of middle-aged women, with a mean age of 57.11 (SD = 5.36), and a mean 8.74 years of schooling (SD = 4.48), 20.0% of whom reported having fewer than four years of schooling. Of those with low levels of schooling, more than 70.0% were in the inactive group. Regarding menopausal symptoms, 7.2% of patients were in the pre-menopause, 8.6% in the peri-menopause, 78.4% were post-menopausal and 5.8% had had hysterectomies. The prevalence of smokers was 19.2%, and 18.0% were using HT. Body mass index was 28.3 kg/m^2^ (SD = 7.1), with the majority of the sample being overweight or obese ([Table 1](#t01){ref-type="table"}). There was no association between schooling, menopausal status and age and concordance between the two instruments (p = 0.191, p = 0.268 and p = 0.619, respectively).

###### 

Demographic and anthropometric characteristics of study participants in Passo Fundo, RS, Southern Brazil, 2010. (N = 292)

  Variable                 n                    \%     Mean    SD     
  ------------------------ -------------------- ------ ------- ------ ----
  Age (years)              \-                   \-     57.11   5.36   
  Schooling (years)                                                   
                           0 to 4               58     19.9    \-     \-
                           5 to 8               91     31.2    \-     \-
                           9 to 11              85     29.1    \-     \-
                           ≥ 12                 58     19.9    \-     \-
  In work (yes)            129                  44.2   \-      \-     
  Hormone therapy (yes)    48                   18.0   \-      \-     
  Menopausal status                                                   
                           Pre-menopause        21     7.2     \-     \-
                           Peri-menopause       25     8.6     \-     \-
                           Post-menopause       229    78.4    \-     \-
                           Hysterectomy         17     5.8     \-     \-
  Marital status                                                      
                           Married              150    51.4    \-     \-
                           Single               51     17.5    \-     \-
                           Separated/Divorced   91     31.1    \-     \-
  Alcohol consumption                                                 
                           Drinks alcohol       96     32.9    \-     \-
                           Used to drink        19     6.5     \-     \-
                           Does not drink       177    60.6    \-     \-
  Smoking                                                             
                           Smoker               56     19.2    \-     \-
                           Ex-smoker            67     22.9    \-     \-
                           Non smoker           169    57.9    \-     \-
  Overweight/obese (yes)   198                  68.3   \-      \-     
  BMI (kg/m2)              \-                   \-     28.3    7.0    
  Waist (cm)               \-                   \-     91.3    13.7   

BMI: body mass index

Concordance between the two instruments, evaluated using the Kappa coefficient, was poor (steps/day and PA min/week, k = 0.110; p = 0.007 and steps/day and MET/min/week, k = 0.075; p = 0.013). The CC as 47.0% (number of steps and PA min/week) and 32.0% (number of steps and MET/min/week), resulting in an intermediate value, considered poor concordance ([Table 2](#t02){ref-type="table"}).

###### 

Strata of physical activity in pre-, peri- and post-menopausal women, using the IPAQ-SF and pedometer, MET/min/week *versus* steps per day. (N = 292)

  Variable                      Inactive   Moderate   Active   Kappa^[a](#tfn01t02){ref-type="table-fn"}^                
  ----------------------------- ---------- ---------- -------- -------------------------------------------- ----- ------ -------
  Number of steps (pedometer)   199        68.2       72       24.7                                         21    7.2    0.075
  MET/min/week (IPAQ-SF)        59         20.2       133      45.5                                         100   34.2    

IPAQ-SF: International Physical Activity Questionnaire - short form

McNemar\'s Chi-square test, p ≤ 0.001

Kappa coefficient p ≤ 0.05

Correlation, evaluated using Spearman's test, was significant, although weak (mean steps/day and MET/min/week, rho = 0.113; p = 0.025) ([Figure, A](#f01){ref-type="fig"}). [Figure (B)](#f01){ref-type="fig"} shows the Bland-Altman graph, in which it can be seen that the majority of observations are within the 95% concordance level (± 1.96 SD) and that the mean difference in the Z score of both tests was close to zero. However, it was observed that the differences were distant from zero both when PA was minimal and when it was more intense.

![Analysis of correlation and concordance in measures of physical activity between the International Physical Activity Questionnaire -- short form and pedometer.\
ULC: Upper limit of concordance; LLC: Lower limit of concordance\
A. Spearman's correlation (rho = 0.113; p = 0.025)\
B. Bland-Altman test for concordance of measures of physical activity between the IPAQ-SF and the pedometer, mean Z score of steps/MET(log)](rsp-48-02-0258-g01){#f01}

[Tables 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"} show the frequency of participants in each strata of PA according to the two instruments used. There was a significant difference between the women classified in different strata of PA, with Kappa coefficients of 0.075 and 0.110, respectively.

###### 

Strata of physical activity in pre-, peri- and post-menopausal women, using the IPAQ-SF and pedometer, MET/min/week *versus* steps per day. (N = 292)

  Variable                      Inactive   Active   Kappa^[a](#tfn01t03){ref-type="table-fn"}^          
  ----------------------------- ---------- -------- -------------------------------------------- ------ -------
  Number of steps (pedometer)   199        68.2     93                                           31.8   0.110
  Min/week (IPAQ-SF)            75         26.0     214                                          74.0    

IPAQ-SF: International Physical Activity Questionnaire - short form

McNemar\'s Chi-square test, p ≤ 0.001

Kappa coefficient p ≤ 0.05

DISCUSSION
==========

The number of women classed as active was at least twice as high when classified by the IPAQ-SF compared with when evaluated using a pedometer, for both the MET/min/week and the PA/week criteria.

The results show that data referring to the PA strata obtained using the IPAQ-SF are not similar to those assessed in an objective way, using a pedometer. The Bland-Altman findings corroborate[Tables 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"}, showing the frequency of inactive women is greater when assessed using a pedometer than using the IPAQ-SF, and the opposite is true for active women. The data indicate that the IPAQ-SF overestimates compared with the pedometer, principally in the active category.

A recent systematic review of the IPAQ-SF validity showed studies in populations in a similar age range to that of this study and which reported low to moderate correlation between the two methods.^[@r13]^ Studies comparing pedometer use and the IPAQ-SF stand out, such as that by De Cocker et al,^[@r06]^ with 310 healthy adults, reporting low to moderate correlation (PA total rho = 0.28), and the study by Deng et al,^[@r07]^ with a sample of the Chinese population with a mean age of 65, and moderate correlation (PA total rho = 0.33; p \< 0.001) between the two methods.

A Brazilian study of 21 post-menopausal women with osteoporosis assessed concordance between the IPAQ-LF and the pedometer. According to the IPAQ, 71.4% of participants were classified as active and 28.6% sedentary. The concordance between the IPAQ and the pedometer had a Kappa of 0.21.^[@r05]^ Although the study sample used post-menopausal women and the long form IPAQ, it also found poor correlation between reported PA and direct evaluation using the pedometer. This study confirms these findings using the IPAQ-SF, although with a larger, representative sample of pre-, peri- and post-menopausal women.

The majority of women studied were middle-aged, did not work, were overweight or obese, had central adiposity, high blood pressure and were predominantly inactive when assessed using the pedometer.^[@r04]^ This profile of cardiovascular risk is strongly linked to sedentarism and reinforces that evaluating PA using a pedometer may be appropriate, on the other hand. Participants who walked more than ≥ 6,000 steps/day had less central adiposity, metabolic syndrome or diabetes.^[@r04]^

In this study, pedometers were used for seven consecutive days, and a difference was noted in the number of steps taken according to the day of the week, with more steps taken on working days and in the summer.^[@r04]^ Studies suggest that using a pedometer for fewer days, as long as Saturday or Sunday are included, is as reliable s weekly use.^[@r09],[@r11],[@r20],[@r21]^ Using a pedometer to monitor patients can take this form, increasing adherence due to ease of use and shorter intervention. Regardless, when evaluating PA longitudinally the use of the same instrument facilitates comparison of results.

The variability seen in the sample's level of schooling did not interfere in association or concordance between the pedometer and the IPAQ-SF, in contrast to what has been observed in another study, in which correlation between the two methods was a little greater after adjusting for sex, age and schooling.^[@r07]^

Regarding the instruments used, questionnaires are more accessible and allow the intensity and type of PA to be estimated. Their use may be preferred in long studies or those monitoring a large number of participants. On the other hand, it is a subjective method relying on memory, which may increase the chance of error. The concept of the 10 minute session and errors in perceiving intensity may lead to errors in interpreting and responding to the IPAQ-SF,^[@r10]^ although using interviewers to apply it helps to decrease this bias. The reliability of the IPAQ-SF means it can be used, with caution, in repetitive measure studies, there is no evidence corroborating its use as an absolute or relative measure of PA.^[@r13]^

The pedometer is an objective method of evaluating PA. However, although it is a valuable tool in estimating and encouraging habitual and daily PA, it does not quantify movement on the horizontal and superior plane.^[@r03]^ It is appropriate for measuring travel (steps/day) through the body's vertical oscillations, but it is not capable of evaluating activities such as cycling or any activity in water, and it does not discriminate type or intensity of PA.

Individuals accelerate, decelerate, stop and sit down many times in the course of a day while using a pedometer, and this may affect evaluation of energy expended and level of PA. North American adults show a variation in the time of repose or in the cadence (steps/min) throughout the day. There is a close relationship between cadence and walking speed, and 100 steps/min can be considered an appropriate estimate of a 3 MET activity. These estimates, however, cannot be considered as fixed values for total energy expenditure in a day. In this study, cadence was not measured individually, therefore, energy expenditure in MET cannot be used as a unit of measurement of the pedometer.^[@r22]^ Using an accelerometer would be a better alternative for comparing and converting energy expenditure evaluated by the IPAQ-SF and the distance covered by each participant. Some studies have shown moderate and strong correlation between figures obtained from the accelerometer and MET in adults,^[@r18]^ in contrast to other studies.^[@r13]^ The accelerometer method is more expensive and it is also unable to distinguish static activities (e.g., weight training), water sports or cycling, and there are still faults in correct and easy conversion and interpretation of the raw data produced from this instrument.^[@r14],[@r15]^

A limitation of this study was the fact that the two instruments give results using different measures, which may limit the Bland-Altman analyses. However, calculating the Z score enables analysis between the tests.

This is the first Brazilian population-based study investigating these two methods of evaluating PA and relating them to menopausal status and schooling. The study design means the results can be transposed to similar populations.

Considering that habitual PA is an easily adopted behavior to prevent cardiovascular risk, it is essential that accurate methods of estimating it are used and that the instruments used can be considered of use in behavior modifying interventions encouraging PA.

To conclude, concordance between the IPAQ-SF and the pedometer was poor in the sample of menopausal women evaluated. Although easy to apply, the IPAQ-SF questionnaire overestimates PA compared to when assessed using a pedometer.
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